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(57) Abstract 

A rear light entry pho tod elector chip (10) is secured face-down with solder (17a, 17b) on to the front face of a ceramic submount 
(20) provided with a pair of electrically conductive vias (21a, 21b). A frame-shaped mass (17b) of solder seals the chip to the submount 
to provide a hermetic enclosure protecting sensitive semiconductor surface areas of the photodetector chip where electric fields are liable 
to be present in the vicinity of a pn or metal/semiconductor junction. 
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Semiconductor Photodetector Packaging 

It is known that, if exposed to an undesirable environment, the 
performance of a semiconductor photodetector can become degraded 
even though sensitive surface areas of the photodetector, particularly 
where an electric field is present during operation of the photodetector in 
5 the vicinity of a p-n junction or a junction between semiconductor 
material and metal, are protected from the ambient by a deposited 
dielectric layer. For this reason a number of applications for 
photodetectors have required such photodetectors to be hermetically 
packaged in order to reduce the risk of occurrence of this kind of 

10 performance degradation. The packaging must include provision, both 
for electrical connections with the photodetector from outside the 
package, and for the feeding into the package of the optical signal that 
the photodetector is designed to detect. One way of effecting such 
provision is to provide a window in the package wall, as for instance 

15 described in GB 2 208 944A. If the photodetector is to receive light 
emitted from the end of an optical fibre, the construction of the package 
may be such as to make the minimum separation between the end of 
the fibre and the photodetector so great as to require some form of lens 
coupling between them. This may be provided by a lens within the 

20 package, by a lens outside the package, or by using a lens as part of the 
package window, as described in GB 2 208 944A. As an alternative to 
the use of a window, a wall of the package may be penetrated in a 
hermetically sealed manner by some form of light guide, as for instance 
described in GB 2 064 862A. In the case of the particular structure 

25 described in GB 2 064 862A, the outer end of the light guide is butted 
against the optical fibre, but a clearly valid alternative is to replace the 
light guide with an optical fibre having properties similar to,, or identical 
with, those of the optical fibre whose output it is desired shall be 
detected by the photodetector. 

30 
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The use of the optical fibre/guide hermetic feedthrough, by definition 
requires an hermetic seal around the optical fibre/guide, and this is 
typically expensive to manufacture and difficult to test for leaks because 
the fibre is usually provided outside the enclosure with mechanical 

5 protection in the form of a plastics protective coating. The use of a 
window in place of the hermetic fibre-guide feedthrough avoids these 
particular problems, albeit at the expense of adding significantly to the 
complexity and expense of the provision of a mechanical link between 
the photodetector chip and the optical fibre whose output is to be 

10 detected by the chip. 

The present invention is concerned with an alternative form of hermetic 
enclosure which does not involve any requirement for an optical 
fibre/guide hermetic feedthrough, and which affords the possibility of a 
15 relatively simple and cheap form of establishing mechanical coupling of 
the end of an optical fibre so as direct light emitted therefrom on to the 
photosensitive area of the photodetector. 

According to the present invention there is provided a photodetector 
20 assembly including a rear light entry planar construction of 
semiconductor photodetector chip bonded face down upon a ceramic 
substrate so as to constitute an hermetic enclosure with opposed walls 
constituted respectively by the chip and the ceramic substrate. 

25 There follows a description of photodetector assemblies embodying the 
present invention in preferred form. The description refers to the 
accompanying drawings in which. - 

Figure 1 is a schematic cross-section of the photodetector area of the 
30 photodetector. 

Figures 2 and 3 are schematic front and rear views of the photodetector 
submount. 

35 Figure 4 is a schematic cross-section of the photodetector and 
submount sub-assembly, 
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Figures 5 and 6 are fibre-pigtailed and connectorised versions 
respectively of assemblies incorporating the sub-assembly of 
Figure 4, and 

5 

Figure 7 is a schematic front view of an alternative form of photodetector 
submount. 

The basic structure of the rear light-entry planar semiconductor 

10 photodiode chip depicted in Figure 1 is created on a tin-doped InP 
substrate 10. On the substrate are epitaxially grown an n-type InP 
buffer layer 11, an intrinsic InGaAs absorption layer 12, and an n-type 
InP layer of capping material 13. The capping layer is masked, and a 
portion 14 of it, and of the underlying absorption layer 12, is converted 

15 into p-type material by the diffusion of zinc from a source (not shown) of 
ZnAs. Except for a small region of the remaining n-type capping 
material that surrounds the p-type region of portion 14, the rest of the 
capping layer material is removed. A layer 15 of silicon oxynitride is 
deposited to augment silicon oxynitride regions left by previous 

20 processing, and this (composite) layer 15 is patterned to define contact 
areas prior to the sputtering of platinum/gold contact metal which is 
patterned to define a central contact 16a contacting the p-type material 
and, encircling contact 16a a rectangular frame-shaped outer contact 
16b contacting the p-type material of the absorption layer 12. The inner 

25 and outer contacts 16a and 16b are coated respectively with preforms 
17a and 17b of 80:20 goldrtin solder conforming in shape with their 
underlying contacts 16a and 16b. This solder is conveniently deposited 
using an e-beam evaporator and lift-off photolithography. Optionally, the 
rear face of the substrate 10 is provided with an antiref lection coating 

30 18. 

The front and rear faces of a ceramic submount for the photodiode of 
Figure 1 are depicted respectively in Figures 2 and 3, while a section 
through the submount, with the photodiode already mounted, is depicted 
35 in Figure 4. For convenience of illustration, the photodiode chip is 
represented in section in Figure 4, and in succeeding Figures, by three 
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layers topped with the solder preforms 17a and 17b, the three layers 
comprising the photodiode substrate 10, the optional anti-reflection 
coating 18 on the rear face of the substrate 10, and a composite layer 
19 that incorporated the whole structure of the completed photodiode of 
5 Figure 1 that is formed on the front face of its substrate 1 0. 

The submount, which is indicated generally at 20, is a ceramic 
submount of a type which has electrically conductive metallic-filled vias 
21a and 21b extending through the thickness of the submount from the 

10 front surface 20a to the rear 20b. Such vias are created by filling 
through-holes in the submount, while it is still green (un-fired), with a 
metal loaded paste of a refractory metal such as tungsten, and then 
firing the submount. Ceramic submounts of this type are known for 
example from EP 0 547 807, and can for instance be purchased from 

15 Sumitomo Metal Ceramics Inc. or NTK, Technical Ceramics Division of 
NGK Spark Plug Company Ltd 

The fully fired submount is provided, on its front face 20a, with areas 
22a and 22b of metallisation. These areas of metallisation cover the 

20 respective vias 21a and 21b, and have configurations corresponding to 
those of the p-type and n-type contacts 16 and 17 of the photodiode 
respectively. The rear face 20b of the submount 20 is provided with two 
areas 23a and 23b of metallisation respectively contacting vias 21a and 
21b, to which areas terminal tags 24a and 24b are secured with braze 

25 metal 25. 

The photodiode chip is applied to the submount with a tack bond which 
is effected at a temperature at which the solder is hot enough to be 
tacky rather than fully molten. The assembly is placed in a chamber (not 

30 shown) in order to remove any moisture from the space, contained 
between the photodiode chip and submount, that is encircled by the 
frame-shaped solder preform 17b. To this end. this space may be first 
evacuated, and then back-filled with an inert gas such as dry nitrogen or 
argon. The flushing of moisture from the space may be facilitated by 

35 arranging for there to be a vent provided by a break (not shown) in the 
frame of the solder preform 17b. After the residual moisture has been 



WO 98/06141 



PCT/GB97/D2053 



-5- 

flushed from the space, the solder is heated to a higher temperature 
sufficient to cause it to become fully molten at which stage the vent is 
closed by capillary flow. In this way a hermetically sealed enclosure is 
formed containing the regions of the photodiodes particularly sensitive to 
5 degradation, namely the surface area of semiconductive material where 
an electric field may be present during operation of the photodetector in 
the vicinity of its p-n junction or a semiconductor/metal junction. 

In the foregoing specific description the frame-shaped solder preform 
10 17b performs (after it has been flowed) the dual function of seal for the 
hermetic enclosure, and of providing electrical connection between the 
n-type contact of the photodiode chip and metallisation on the 
submount. In an alternative configuration, not shown, these functions 
are separated so that the frame-shaped solder preform that performs the 
15 sealing function (after it has been flowed) encircles both the electrical 
connection with the p-type contact, and that made with the n-type 
contact. In either instance the frame-shaped solder preform that 
performs the sealing function is not necessarily rectangular, but may for 
instance be circular. Another variant involves applying the solder 
20 preforms to the submount rather than to the photodiode chip. Such 
solder can, in this instance, conveniently be applied by screen printing. 

The sub-assembly of Figure 4, or variant thereof, may be incorporated 
into a fibre pigtailed assembly as depicted in Figure 5 or a connectorised 
25 assembly as depicted in Figure 6. 

In the case of the fibre pigtailed assembly of Figure 5, a length of 
plastics protective coated optical fibre 50 has its plastic protective 
coating stripped for a short distance back from one end to expose bare 

30 fibre 51. The end of this bare fibre is secured in position in abutment 
with the rear face of the photodiode chip (in abutment with its 
antiref lection coating 18 if such coating is provided) by means of a fillet 
52 of adhesive, for instance epoxy. The sub-assembly is then potted in 
a mass 53 of plastics encapsulant, and then a further mass 54 of 

35 plastics material is applied around the fibre 50, where it emerges from 
the mass 53, in order to limit in-service bending strain in this region. 
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ln the case of the connectorised assembly of Figure 6, the sub-assembly 
is potted in a mass 60 of clear plastics encapsulant, and this is 
contained within a connector shell 61 which is typically also made of 

5 plastics, but may alternatively be a metal connector shell. The clear 
plastics encapsulant is formed with a bore 62, for receiving a ferrule 
terminated fibre (not shown). The depth of insertion of such a ferrule is 
limited by an internal flange 63 and co-axial, with the bore 62 is formed a 
lens 64 for focusing light emitted from the ferrule terminated fibre upon 

10 the photosensitive area of the photodetector. 

Figure 7 depicts an alternative form of submount for a photodiode which 
is distinguished from that of Figures 2 and 3 primarily in that its ceramic 
70 is provided, while still in its green state, with a set of V-slots 701 for 

15 mechanical registration purposes when the submount is later to be 
encapsulated. In the connectorised assembly such mechanical 
registration avoids the necessity for more time-consuming registration 
techniques such as active optical alignment or visual alignment. The 
layout of the metallisations on both faces of the ceramic have also been 

20 changed, together with the shape of the terminal taps and the location of 
the via providing electrical connection with the n-type contact of the 
photodetector chip (not shown in this Figure). Thus in this instance the 
via 71b that provides electrical connection with the n-type contact lies 
outside the frame-shaped area of metallisation on the front surface of 

25 the submount contacting the frame-shaped solder preform of the 
photodiode chip. Accordingly metallisation 72 includes, in addition to its 
frame portion, a short half-dumbbell 721 extending to cover via 71b. In 
this way any departure in planarity in the immediate vicinity of via 71 
does not affect the quality of the seal provided by the frame-shaped 

30 solder preform of the photodiode chip. The configuration of the areas of 
metallisation 73a and 73b, and those of the two terminal taps 74a and 
74b, are also changed in a manner that provides a greater separation 
between the terminal tags that meets an industrial standard. 

35 
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CLAIMS: 

1. A photodetector assembly including a rear light entry planar 
construction of semiconductor photodetector chip bonded face down 

5 upon a ceramic substrate so as to constitute an hermetic enclosure with 
opposed walls constituted respectively by the chip and the ceramic 
substrate. 

2. A photodetector assembly as claimed in claim 1, wherein the 
10 bonding of the chip to the ceramic substrate that forms the hermetic 

enclosure is bonding with solder, and wherein electrical contact with the 
photodetector is made by way of electrically conductive connections at 
least one of which includes an electrically conductive via extending 
through the thickness of the ceramic substrate. 

15 

3. A photodetector assembly as claimed in claim 2, wherein the 
planar construction of semiconductor photodetector is a photodiode 
provided with n-type and p-type contacts, one of which encircles the 
other, and wherein the encircling contact is bonded with solder to the 

20 ceramic substrate in such a way that this bond co-operates with the chip 
and the ceramic substrate to form the hermetic enclosure. 

4. A photodetector assembly as claimed in claim 2 wherein the 
planar construction of semiconductor photodetector is a photodiode 

25 provided with n-type and p-type contacts both encircled by a 
frame-shaped region of solder wettable material which is bonded with 
solder to the ceramic substrate in such a way that this bond co-operates 
with its chip and the ceramic substrate to form the hermetic enclosure. 

30 5. A photodetector assembly substantially as hereinbefore 
described with reference to the accompanying drawings. 



35 



WO 98/06141 



PCT/GB97/02053 




WO 98/06141 



PCT/GB97/02O53 




WO 98/06141 



PCT/GB97/02053 



3/5 




WO 98/06141 



PCT/GB97/02053 



4/5 




\ 



WO 98/06141 



PCT/GB97/02053 




INTERNATIONAL SEARCH REPORT 



Intern Application Mo 

PCT/GB 97/02053 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 H01L31/0203 G02B6/42 



Aooordsi g to International Patent Clea alioafaon (IPC) or to both nabonal okattfjoation and IPC 
B. FIELDS SEARCHED 



Minimum docunieritabon »eajohed (olaeetfioabon •yetem followed by oUaaifoabon symbols) 

IPC 6 H01L G02B 



Oooumantatton taarchad other than minimum documentation to tha axtent that auoh dooumenta I 



Electronic data b&M oonauled during the irrtamabonaJ Mareh (nam* of data baaa and, wham pcaotkial, teafoh tema uaed) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* C*atioo of dooument, w*h ndwabon, wham •ppropnoie, of the ralevant paaaaee* 



Ralawt to claim Mo. 



EP 0 604 4G5 A (TERUMO CORP) 29 June 1994 

see abstract; figure 6 

see column 4, line 42 - column 5, line 15 

see column 8, line 39 - line 49 

see column 9, line 21 - line 44 



KITO Y: "HIGH-SPEED FLIP-CHIP INP/INGAAS 
AVALANCHE PH0T0DI0DES WITH ULTRALOW 
CAPACITANCE AND LARGE GAIN-BANDWIDTH 
PRODUCTS" 

IEEE PHOTONICS TECHNOLOGY LETTERS, 

vol. 3, no. 12, 1 December 1991, 

pages 1115-1116, XP00O243979 

see page 1115, column 1, line 24 - column 

2, line 14 

see figure 1 



1,2 

4 
4 



-/-- 



Further document* are Rated m the oonbnuatJon of box C. 



Pater* famih; members are liated in annex. 



• Special oetegoriea of oiled dooumenta : 

"A* document defining the general state of the art which is not 

oonaidered to be of particular relevance 
*E* eerier document but pubtiahed on or after the irrternabo nai 

Nina date 

V document whloh may throw doubta on pnority elaim<a) or 
whioh is cited to establish the publication date of another 
citation or other apeoiai raaaon (aa speoAed) 

•O* docurrwnt referring to an oral disctoeure, uae, exhbxion or 



WloroooumerApuDlMhed after the intemeiione. Ring date 
or priority date and not in oonfaot with the appfcoetooo but 
oiled to understand the prinoiple or theory underlying the 



•P* document publiahed prior to the interrudtonal filing date but 
later than the pnority dale claimed 



*X" dooument of particular relevance; the oiaimed invention 
cannot be oonaidered nove* or oannot be oonaidered to 
involve an inventive step when the dooument • taken atone 

"V dooument of partiouUr refevanoe;the claimed Invention 

cannot be ootmderad to Involve an inventive atop when the 
dooument ia combined with one or more other auoh doou- 
rnonta, such combination being obvtoue to a peraon skated 
in the art 

dooument member of the same patent family 



Date of the actual crornptebon of the international search 



11 November 1997 



i mailing address of the ISA 

European Patent Office, P.B. 5*1 8 Patonbaan 2 
NL - 2260 HV Rijewijk 
Tel. (+31.70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Date of marbng of the international search report 



2 6 ~t1- 1997 



Authorized offioer 



Visscher, E 





Intanu d Application No 

PCT/GB 97/02053 


C< Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Ctation of oooumant, with incfeation, whara appropnata, of tha ralavant paataoaa 


R«*v*nt to otaim No. 


A 


EP 0 547 807 A (GEN ELECTRIC) 23 June 1993 

cited in the application 

see abstract; figure 2 

see column 3, line 1 - line 47 




1.2 


A 


GB 2 064 862 A (PHILIPS NV} 17 June 1981 
cited in the application 
see abstract; figure 1 




1 



INTERNATIONAL SEARCH REPORT 

Intormitlon on patent tamtty members 



Intern* J t 

PCT/GB 97/02053 



Patent document 


PuWfoation 




Patent family 


Publication 


cited in search report 


date 




memberfa) 


date 


tr UOC/*t*tUJ n 


29-06-94 


JP 


4001535 A 


07-01-92 




JP 


4162683 A 


08-06-92 






AU 


631734 B 


03-12-92 






AU 


7505191 A 


19-12-91 






CA 


2040631 A.C 


19-10-91 








69106763 D 


02-03-95 






DE 


69106763 T 


21-09-95 






DE 


69124630 D 


on q-j Q7 






DE 


69124630 T 


17-07-97 






EP 


0453372 A 


23-10-91 






KR 


9403274 B 








US 


5118944 A 


02-06-92 


tr 0dh/oO/ A 




.IP 


5243481 A 


21-09-93 




IK 




24-05-94 


GB 206486Z A 


17 nfi-Ri 


Ml 


7QAR536 A 


16-06-81 




PA 


1169532 A 

i J.U7JJL fi 


19-06-84 






DE 


3043613 A 


27-05-81 






FR 


2470446 A 


29-05-81 






JP 


1485908 C 


14-03-89 . 






JP 


56087374 A 


15-07-81 






JP 


63033307 B 


05-07-88 






US 


4386268 A 


31-05-83 



DOCKET MO- M^-rT.^ 
SERIAL MO- w(ui s 2Lo 
APPLICANT: ia Uy^ 
LERNER ANO 6! ENBERG RA. 

PO. 3 ;X2480 
HOLLYWOOD, FLORIDA 33022 
I EL (Sj4) 925-1100 



